Influencing Factor Identification of Industrial Water Use Changes in Tianjin and Their Impact Assessment  by Shang, Yizi et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CUE 2015
doi: 10.1016/j.egypro.2016.06.017 
 Energy Procedia  88 ( 2016 )  58 – 62 
ScienceDirect
CUE2015-Applied Energy Symposium and Summit 2015: Low carbon cities and urban 
energy systems 
Influencing Factor Identification of Industrial Water Use 
Changes in Tianjin and Their Impact Assessment 
Yizi Shang*, Jiaqi Zhai, Hongwang Shi, Yong Zhao, Xuefeng Sang 
State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and 
Hydropower Research, Beijing 100038, China 
Abstract 
Tianjin is one of China’s most water-scarce areas but an important industrial base that consumes large volumes of water 
for industrial purposes. This paper analyzes changes in industrial water use over the past decade and quantitatively 
estimates the degree of impact of each factor. The results show that the major factors since 2003 have been industrial 
scale and water efficiency. Additionally, it is shown that industrial restructuring that is not aimed at more efficient use 
of water has a relatively weak influence on industrial water use. 
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1. Introduction 
Here, industrial water use refers to the use of water in or during industrial production process, including 
water for manufacturing, processing, cooling, air conditioning, cleaning, boilers, and plant workers. Some 
progresses have been made in research on industrial water use and demand mitigation measures. Zuo and 
Chen [1] analyzed the water use situations of six industrial sectors in Beijing, issuing five recommendations 
on industrial water efficiency. Yuan et al. [2] found a clear upward trend of favoring high water consumption 
in Yangzhou’s industrial sector during the Ninth Five-Year Plan period. Tong et al. [3] forecast industrial 
water use in target years in Ordos based on the research on changes and indicators of industrial water use. 
Sun and Li [4] conducted the Kuznets curve analysis of the industrial water situation in Beijing and 
identified three main determining factors, while Song et al. [5] evaluated water efficiency in Tianjin by 
analyzing the relationship between industrial output and industrial water consumption. Some researchers 
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have also calculated potential industrial water savings in different areas, providing water efficiency 
recommendations [6-8]. The existing studies, however, are mostly confined to qualitative descriptions of 
industrial water use changes and rough explorations of the factors influencing industrial water use. Few 
researchers have quantitatively described the contributions made by different factors to changes in water 
use. This paper uses the decomposition approach to measure how certain factors contribute to industrial 
water use. 
2. Methodology 
2.1. Industrial Water Use in Tianjin 
Tianjin is one of China’s most water-scarce cities, with average annual water resources of 1.569 billion 
m³, or 160 m³ per capita, only 1/15 of the national level [9]. Tianjin is also an important industrial base and 
China’s northern economic center. It has a broad industrial structure integrating 36 sectors, including 
smelting of ferrous metals and manufacturing of transportation and communications equipment [10]. Due 
to this industrial production, Tianjin plays a key role in the economic development of the entire northern 
region [11]. With accelerated urbanization and rapid growth of the urban population, Tianjin’s water 
demand structure has gradually changed in recent years, as seen in a proportional decrease in rural water 
demand and an increase in urban water demand [12]. In particular, the proportion of water demand that is 
for industrial purposes grew rapidly from 17.1% to 22.0% during 2008-2012. 
Fig.1. Proportion of light and heavy industries in Tianjin (1994-2012) Source: [13]
2.2. Decomposition Method 
Industrial water use is influenced by the following three factors: Industrial scale, Water efficiency and 
Industrial structure. The change in industrial water use relative to the previous year is calculated as follows:  
οܳ ൌ σ ሾሺܯ଴ ൅ ο݉ሻሺݍ଴௜ ൅ οݍ௜ሻሺߤ଴௜ ൅ οߤ௜ሻ െ ܯ଴ߤ଴௜ݍ଴௜ሿ௡୧ୀ଴   (1) 
where οܳ represents the change in industrial water use,ܯ଴  is the value of industrial output in the previous 
year,ݍ଴௜  is water consumption per 10,000 Yuan of industrial added-value in industrial sector i in the 
previous year, and ߤ଴௜ is the proportion of the municipality’s total industrial output value that came from 
industrial sector i in the previous year. ο݉ ,οݍ௜ , and οߤ௜ refer to the changes in industrial output value, 
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Light industry Heavy industry
3H
UFH
QWD
JH
60   Yizi Shang et al. /  Energy Procedia  88 ( 2016 )  58 – 62 
water consumption per 10,000 Yuan, and the output proportion of industrial sector i, respectively. The 
equation can be re-written as follows: 
οܳ ൌ σ ሺܯ଴ݍ଴௜οߤ௜ ൅ ܯ଴οݍ௜οߤ଴௜ ൅ ο݉ݍ଴௜ߤ଴௜ ൅ ܯ଴οݍ௜οߤ௜ ൅ ο݉ݍ଴௜οߤ௜ ൅ ο݉οݍ௜ߤ଴௜ ൅ ο݉οݍ௜οߤ௜ሻ௡௜ୀଵ   (2) 
In any given two adjacent years, there are few significant changes in water consumption per 10,000 Yuan 
of industrial output value or the industrial sector composition; thus, the values ofο݉, ݍ଴௜, and οߤ௜ are very 
small relative to the values of ܯ଴, ݍ଴௜, andοߤ௜, so the final four items on the right side of the equation are 
small enough to be negligible. To ensure that the right side equals the left, these four items are incorporated 
into the first three, so the equation is re-written as follows: 
ο ൌ σ ሺܯ଴ݍ଴௜οߤ௜ ൅ ߩ௜ଵሻ ൅ σ ሺܯ଴οݍ௜ߤ଴௜ ൅ ߩ௜ଶሻ௡௜ୀଵ ൅ σ ሺο݉ݍ଴௜ߤ଴௜ ൅ ߩ௜ଷሻ௡௜ୀଵ୬୧ୀଵ   (3) 
where, 
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Equation (3) shows that the change in industrial water use consists of three parts. First, the change 
attributable to industrial restructuring can be positive, negative, or zero and represents the change in water 
use that stems from changes in the output. 
2.3. Decomposition Results 
In this section we measure the contribution of three major factors to incremental industrial water use 
during 2003-2012. For the study, Tianjin’ water resources, industrial energy consumption and related 
information are gathered over past decade [14, 15]. 
Table 1. Decomposition of industrial water use in Tianjin (2003-2012) Unit: 10,000 m³ 
Year 
Change caused by
structural
adjustment 
Change caused by 
water efficiency 
Change caused by 
industrial output 
Water use  
change
Total water use 
2003      48600.00 
2004 -2282.88 -5349.06 9731.94 2100.00 50700.00 
2005 823.25 -14367.34 7960.09 -5584.00 45116.00 
2006 -2500.34 -5160.45 6743.80 -917.00 44199.00 
2007 1535.78 -10627.50 6865.72 -2226.00 41973.00 
2008 -1387.23 -9385.69 6929.92 -3843.00 38130.00 
2009 -400.78 -1394.99 7167.77 5372.00 43502.00 
2010 4492.81 -9336.44 8925.63 4082.00 47584.00 
2011 -463.61 -5682.21 8661.82 2516.00 50100.00 
2012 1111.48 -7710.59 7386.10 787.00 50887.00 
Table 1 shows the decomposition of the change in industrial water use during 2003-2012 into these 
different factors. During the study period, the impact of industrial restructuring on water consumption is 
very weak, as structural adjustment is not geared toward water efficiency. The annual water savings brought 
by water efficiency improvements exhibited a gradual decrease, averaging 88,760,900 m³ before 2008 and 
67,019,800 m³ after 2008. This indicates that, after considerable improvement, water use efficiency 
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stabilized at a high level as growth slowed. The change in water use due to increased industrial output has 
been relatively stable at around 70-80 million m³ in recent years; this can be attributed to rapid industrial 
growth, the primary reason for industrial water use expansion. After 2008, due to the water efficiency 
bottleneck, industrial water use began to follow a linear upward. 
3. Conclusions and Discussion 
This paper has analyzed changes in Tianjin’s industrial water use, with several key findings and insights. 
First, regarding the efficiency of industrial water use, in 2012, water consumption in Tianjin was 8.31 m³ 
per 10,000 Yuan of industrial added value, close to or even above the levels in Japan, the United Kingdom, 
and the United States. Tianjin has ranked first among Chinese cities in industrial water use efficiency for 
many years. This superior performance can be attributed to three factors. First, Tianjin’s industrial structure 
is dominated by water-efficient industries. The major contributors of industrial output value, metal smelting 
and communications equipment manufacturing, generally demand few water resources, while water-
intensive industries, such as power and heat supply and production of chemical raw materials, are small in 
scale in Tianjin and their demand for water is limited overall. The partiality to high water consumption 
remained below 0.5 in Tianjin, an accomplishment difficult for other Chinese cities to achieve. Second, 
industrial output value has increased rapidly as the industrial structure was optimized thanks to industrial 
restructuring initiatives. In particular, industrial output growth was 21.4% from 2003 onwards. With this 
unprecedented expansion of industrial scale and accompanying improvements to manufacturing processes, 
water consumption per unit of output has fallen constantly. Finally, adjustments to the industrial layout in 
recent years have enabled direct use of seawater for industrial enterprises and proactively developed 
recycled water and desalination projects. These initiatives effectively increase water resources utilization 
while reducing freshwater consumption per unit of output. 
Considering Tianjin’s industrial restructuring process, which began in 2003, the change in industrial 
water use caused by structural adjustment was between -10 and 10 million m³ during this period. Water 
efficiency was not a major factor guiding structural adjustment, as shown by the upward trend in the share 
of water-intensive industries after 2008. From 2003 to 2008, the change in industrial water use attributable 
to increased water efficiency was 89 million m³ and the change attributable to industrial scale expansion 
was 67 million m³. Total industrial water use declined slowly. From 2008 to 2012, with the stabilization of 
industrial water use efficiency and accelerated expansion of the industrial scale, total industrial water 
consumption swelled and exhibited a strong correlation with industrial output value. 
Finally, we consider future trends. Since the industrial structure and water efficiency remain stable, in 
the near future Tianjin’s industrial water use is likely to grow linearly with industrial output value. To meet 
industrial water needs, it will be necessary to actively explore new water sources and channels and seek 
new ways to reduce water use. To control industrial water consumption without undermining industrial 
development, water saving should be incorporated into industrial restructuring as a constraint. 
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